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Spectrophotometry can also be employed after reaction of the analyte
with a reagent or indicator to enhance or enable an analysis to be made.
Many analytes of interest, such as metal ions, are determined indirectly as
complexes with organic molecules. Thus, cupric ion [Cu(I)j has a modest
absorbance by itself, but has a 1000-fold greater absorbance when complexed
with bathocuproine. Moreover, some such complexes are insoluble in water
and may be extracted from aqueous solutions as a preconcentration step
before spectrophotometry. Preconcentration has been widely used in trace
analysis by spectrophotometry.

Ideally, the indicating chemistry is reversible, allowing continuous long-
term measurement. If nonreversible chemistry is used to form a color,
provision must be made for continuous delivery of the reagent indicator,
especially if it consumed in the analysis. In general, this is more difficult
than the spectrophotometric measurement itself. Various clever methods
have been suggested for continuous reagent delivery, while true long-term,
unattended operation is not yet demonstrated. On board ships, however,
"field" spectrophotometric instruments have proven rugged and reliable,
and are very widely used, particularly for enzyme-based analyses. The
sampling rate can be rather high, with continuous operation possible when
the spectrophotometer is used with an immersible pump and connecting
pipe to the depth of interest.

Developments in traditional forms of spectrophotometry, as well as new
methods, could find greater use in ocean measurements. Spectroscopy based
on absorption of visible light may have reached a limit in its traditional
form, however. Spectrophotometry will remain in wide use due to its ease,
low cost, and great versatility. In many ways it remains the first choice for
analysis, but its low sensitivity makes it useful for a rather limited spectrum
of analytes.

Many analytes listed in Table 1 have been measured spectrophotometri-
cally in seawater for some time, including many metal ions and some gases,
although spectrophotometry is the preferred method for only a minority.
Some analytes, like alkanes, are spectrophotometrically "silent," or do not
form colored complexes with other reagents. Similarly, individual nuclides
cannot be distinguished by classical spectrophotometry, and many of the
other analytes, such as halogenated pesticides and metal alkyls, are more
easily determined by other methods, such as gas chromatography with elec-
tron capture detection, or emission spectroscopy. Indeed, many of the analytes,
such as zinc or copper, are present at trace levels and are not measurable by
spectrophotometry.

Infrared

Infrared spectroscopy is a well-established technique for determining
molecular structure. It is essentially an absorption spectrophotometric tech-